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(57) ABSTRACT

A person detection apparatus determines a weather condition
such as rain and solar radiation based on a variety of infor-
mation from a weather information input portion. Then,
based on a determination result of the weather condition, the
umbrella ratio showing the ratio of persons with umbrellas is
calculated. The person detection apparatus uses a no-um-
brella recognition model describing a person with no
umbrella and an umbrella-hold recognition model describing
a person with umbrella in order to perform pattern recogni-
tion to an input image to derive recognition scores based on
the respective recognition models. Then, the umbrella ratio
depending on the weather condition is used to correct the
respective recognition scores based on the pattern recognition
using the no-umbrella model and the recognition score based
on the pattern recognition using the umbrella-hold model; the
corrected recognition scores are output as a final detection
result.
2 Claims, 4 Drawing Sheets

START
GPERSON DETECTION PRDCESSINGD

SSIOO

|DETERMINE WEATHER UONDITIONI

58102

’ CALCULATE UMBRELLA RAT[0—|

58104

IPERFORM PATTERN RECOGNITI 0N|

58106

OUTPUT DETECTION RESULT OF PERSON
REFLECTING UMBRELLA RATIO

END



US 9,235,776 B2

Page 2
(51) Int.ClL (56) References Cited
GO6K 9/62 (2006.01)
GO6K 9/68 (2006.01) FOREIGN PATENT DOCUMENTS
GO6K 9/72 (2006.01) Jp 2006-99611 A 4/2006
GO6T 7/00 (2006.01) Jp 2009-122786 A 6/2009
GOSG 1/16 (2006.01) Jp 2010-79716 A 4/2010
(52) US.CL OTHER PUBLICATIONS
CPC ............ GO6K 9/6807 (2013.01); GO6K 9/726

(2013.01); GO6T 7/0046 (2013.01); GOSG
17166 (2013.01); GO6K 2209/27 (2013.01);
GO6T 2207/20076 (2013.01); GO6T 2207/20081

(2013.01); GO6T 2207/30196 (2013.01)

Written Opinion of the International Searching Authority mailed Jun.
25, 2013 in the corresponding PCT application No. PCT/JP2013/
003041 (and English translation).

* cited by examiner



U.S. Patent

FIG. 1

Jan. 12, 2016

Z

Sheet 1 of 4

1

p

IMAGE [NPUT

PERSON DETECTION APPARATUS

10

CONTROL

INPUT

WEATHER INFORMATION

¢

3

US 9,235,776 B2

4

P

STORE

DETECTION RESULT
OuTPUT




U.S. Patent Jan. 12, 2016 Sheet 2 of 4 US 9,235,776 B2

FIG. 2

NO UMBRELLA

------------------------

WITH UMBRELLA

RECOGNITION MODEL OF PERSON RECOGNITION MODEL OF PERSON
WITH NO UMBRELLA WITH UMBRELLA

A | EARNING

HEAD IS HIDDEN
BY UMBRELLA

OTHER THAN PERSON



U.S. Patent Jan. 12, 2016 Sheet 3 of 4 US 9,235,776 B2

FIG. 3

START
(PERSON DETECTION PROGESSING)

53100

DETERMINE WEATHER CONDITIONI

53102

CALCULATE UMBRELLA RATIO

53104

PERFORM PATTERN RECOGNITION

58106

OUTPUT DETEGTION RESULT OF PERSON
REFLECTING UMBRELLA RATIO

l
= D




US 9,235,776 B2

Sheet 4 of 4

Jan. 12, 2016

YOSNIS JONVNINOTII
T300N NOILIN90O3Y,

dJ3HLVIM dIV4

@IOH-VTT34aNN WA
“ e -] [~
- 0LLVY VTT3HGHN L JONYNINATI AN
X _TI00N_NOI1LINDOOIY :
(TIOH-V T134ghN BNISN m
(400S) 1INS3Y NOILINDODIY m 4OSNIS NIVY
1nd100 : NIVY
TYNI 4 300N NOILIN90O3Y ! 'rreee
VTIHGN-ON | \ HiHE
- R
(O11YY VT134aWN - 1) t ., ALISNIINI NIVY VAL
xTIGON NOTLIN9093Y i NIVY 40 JONISIUd Y
L VT1349NN-ON DNISN “
(409S) 1INSTY NOI1INDODTY |
| HOLIMS ¥3dIM
1\ J I\ J
Y '

U.S. Patent

NOILIANOD ¥3HLYIM 40 NOILO3T43Y (9) NOILIONOD ¥3HLVAM 40 NOILVNIWM3L3IQ (E)

¥ Old



US 9,235,776 B2

1
PERSON DETECTION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

The present disclosure is a U.S. national stage application
of PCT/JP2013/003041 filed on May 13, 2013 and is based on
Japenese Patent Application No. 2012-131959 filed on Jun.
11,2012, the disclosures of which are incorporated herein by
reference.

TECHNICAL FIELD

The present disclosure relates to a person detection appa-
ratus that detects a person from an input image by use of
pattern recognition.

BACKGROUND ART

Conventionally, as an art of detecting persons in front of or
behind, for example, a vehicle, the art of detecting persons in
an input image has been known by performing pattern recog-
nition to an image (input image) captured by a camera etc. by
use of recognition models to recognize the persons in the
input image.

Patent Literature 1 describes the art of detecting a pedes-
trian by comparing a captured image by a capturing means
with template data for pedestrian detection (recognition mod-
els) to determine an obstruction between the detected pedes-
trian and a host vehicle.

PRIOR ART LITERATURES
Patent Literature
Patent Literature 1: JP 2010-079716 A

SUMMARY OF INVENTION

By the way, the pattern recognition of the prior art using
recognition models of persons poses an issue that reduces the
reliability of detection of persons who use weather protectors
such as umbrellas (umbrellas against rain and umbrellas
against sun). This is because, when part of a body, such as the
head of a person, is hidden by using, e.g., an umbrella, the
profile around the head of the person is different from that
with no umbrella to cause a mismatch of the image of the
person in the input image with the recognition model.

It is an object of the present disclosure to provide an art of
improving a recognition ratio of persons whose bodies are
partially hidden by protectors such as umbrellas by making a
pattern recognition technique reflect a weather condition.

An aspect of the present disclosure to achieve the above
object is related to a person detection apparatus that detects a
person from an input image captured by a capturing portion
through pattern recognition using a recognition model to
recognize a person. The person detection apparatus according
to the aspect is characterized by including a storage portion, a
weather determination section, and a person recognition sec-
tion.

The storage portion stores a protector-hold recognition
model describing a person who is using a protector against a
specific weather. The weather determination section deter-
mines a weather condition based on a detection result by a
weather detection portion. The person recognition section
performs a pattern recognition to the input image by using the
protector-hold recognition model stored in the storage por-
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2

tion, and outputs, as a recognition result, a weather reflection
score that is calculated by reflecting an influence depending
on a weather condition determined by the weather determi-
nation section in a score of a result of performing the pattern
recognition.

A gist in the aspect is to consider the fact that the ratio of
persons who use protectors against a specific weather is
dependent on a weather condition, apply the information
about the weather condition to a technique of pattern recog-
nition for persons, and thereby reduce the negative impact on
the recognition capability when persons use protectors such
as umbrellas.

For example, the influence of the recognition result based
on a protector-hold recognition model may be increased on
the basis of the assumption that, when a specific weather
condition is detected, the ratio of persons who use protectors
against the weather becomes high. As a result, the recognition
ratio of the persons who use protectors is improvable. On the
contrary, the influence of the recognition result based on the
protector-hold recognition model may be reduced on the
basis of the assumption that, when a specific weather condi-
tion is not detected, the ratio of persons who use protector
against the weather becomes low. As a result, the recognition
ratio of other than persons who are using protectors is improv-
able.

BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features and advantages of the
present disclosure will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 is a block diagram showing a schematic configura-
tion of a person detection system;

FIG. 2 is an explanatory view schematically showing an
overview of recognition models;

FIG. 3 is a flowchart showing person detection processing;
and

FIGS. 4(a) and 4(b) are explanatory views schematically
showing an overview of person recognition reflecting a
weather condition.

EMBODIMENTS FOR CARRYING OUT
INVENTION

Hereinafter, an embodiment of the present disclosure is
described based on the figures. Note that the present disclo-
sure is not limited to the following embodiments at all, but
performable in various modes.

Note that, in the present application, “information” is used
not only as an uncountable noun but also as a countable noun.

[Explanation of Configuration of Person Detection Sys-
tem]

A person detection system of the embodiment is mounted
to a vehicle etc., and used to detect persons in front of the
vehicle. As shown in FIG. 1, the person detection system
includes a person detection apparatus 1 and other portions
such as an image input portion 2, a weather information input
portion 3, a detection result output portion 4, which are con-
nected to the person detection apparatus 1.

The person detection apparatus 1 is an image processing
apparatus that detects an image of a person from an input
image through the pattern recognition using recognition mod-
els, and includes a control circuit 10 and a storage portion 11.

The control circuit 10 includes a well-known information
processor or computer having a CPU, a ROM, a RAM, an
input-output interface, etc. that are not illustrated, and pro-
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cesses input images from the image input portion 2 to output
detection results of persons. The control circuit 10 detects an
image of a person in an input image through a well-known
pattern recognition technique using recognition models of
persons. The embodiment has a feature in that the control
circuit 10 outputs as a final detection result a score that is
calculated by reflecting the influence determined based on a
weather condition in a recognition result using a recognition
model of a person with no umbrella and a recognition result
using a recognition model of a person with an umbrella. The
detailed procedure will be mentioned later.

The storage portion 11 stores, e¢.g., data of person recogni-
tion models for use in pattern recognition. In the embodiment,
in addition to a typical recognition model describing a person
with no umbrella (hereinafter also called a no-umbrella rec-
ognition model), a recognition model describing a person
with an umbrella such as an umbrella against sun and an
umbrella against rain (hereinafter also called an umbrella-
hold recognition model) is stored in the storage portion 11.

The overview of the no-umbrella recognition model that
describes a person with no umbrella and the umbrella-hold
recognition model that describes a person with an umbrella is
shown in FIG. 2. The umbrella-hold recognition model is
different from the typical no-umbrella recognition model in
that the head area is covered with the profile describing an
opened umbrella. The application of such an umbrella-hold
recognition model to pattern recognition includes two main
techniques as follows. One is to prepare an umbrella-hold
model in models that describe overall bodies of persons for
use in pattern recognition: the umbrella-hold model describes
an overall body having an umbrella. Another is to prepare a
no-umbrella recognition model in recognition models
describing respective parts of a human body for use in pattern
recognition: the no-umbrella recognition model is prepared
by replacing a recognition model describing a head area of a
person having no umbrella with a recognition model describ-
ing an umbrella.

Note that the umbrella-hold recognition model is produced
by the learning with input images. The learning of the
umbrella-hold recognition model is performed by extracting
features of the profiles of persons including umbrellas from
informations about the images of persons whose heads are
hidden by umbrellas and about the images of other than
persons.

FIG. 1 is explained again. The image input portion 2
includes, e.g., an onboard camera to capture the front of a
vehicle. The image input portion 2 is also referred to as a
capture portion. Images captured by the image input portion
2 are input into the control circuit 10 of the person detection
apparatus 1 as input images.

The weather information input portion 3 includes onboard
apparatuses that input various informations into the person
detection apparatus 1 to determine a weather condition in a
current location of a vehicle. Specifically, such onboard appa-
ratuses include a wiper switch to operate a wiper of a car
window, a rain sensor, and an illuminance sensor. In the
embodiment, on the basis of an operation state of the wiper
and a measurement result of rainfall by the rain sensor, the
control circuit 10 determines the presence or absence of rain
or the intensity of rain. Based on a measurement result of the
illuminance sensor, the control circuit 10 determines solar
intensity in fine weather etc.

The detection result output portion 4 is an onboard appa-
ratus that, for example, warns a driver about the existence of
a person and controls a vehicle in response to a result of
detection of the person by the person detection apparatus 1.
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This type of onboard apparatus includes a control apparatus
for a vehicular drive safety system or a drive assist system.

[Explanation of Person Detection Processing]

A procedure of the person detection processing performed
by the control circuit 10 of the person detection apparatus 1 is
explained referring to the flowchart of FIG. 3 and to FIG. 4.

Itis noted that a flowchart or the processing of the flowchart
in the present application includes sections (also referred to as
steps), each of which is represented, for instance, as S100.
Further, each section can be divided into several sub-sections
while several sections can be combined into a single section.
Furthermore, each of thus configured sections can be also
referred to as a device, module, or means.

InS100, the control circuit 10 determines a present weather
condition on the basis of various informations acquired from
the weather information input portion 3. In the embodiment,
a weather condition to be determined includes, as shown in
FIG. 4(a), the presence or absence of rain or the intensity of
rain based on the wiper switch or rain sensor, and solar inten-
sity based on the illuminance sensor.

In S102, the umbrella ratio is calculated based on the
weather condition determined in S100. The umbrella ratio is
a value showing the ratio of persons who use umbrellas
against rain or umbrellas against sun in the present weather
condition. In the embodiment, the following formulae (1) to
(4) are exemplified as a calculation technique of the umbrella
ratio.

Umbrella ratio=Rain related output (Type 1 or Type
2)+Solar related output (€8]
Rain related output (Type 1)=0 (no rain) or c(raining,
0to 1.0) 2)

Rain related output (Type 2)=Rain intensityxRain
coefficient

3

Solar related output=(Illumination-Threshold)xSolar
coefficient

Q)

Note that the rain related output uses any one of the calcu-
lation techniques of Types 1 and 2 in accordance with the
technique of detecting a rain condition. The rain related out-
put of Type 1 is used when only the presence or absence of
rain is detected. The rain related output of Type 2 is used when
rain intensity is detected. The rain coefficient, threshold, and
solar coefficient are predetermined design values.

In S104, an input image from the image input portion 2 is
scanned using the no-umbrella recognition model and
umbrella-hold recognition model to perform pattern recogni-
tion. Here, the degree of agreement (recognition score show-
ing pedestrian-likelihood) is calculated at each position of the
input image: the degree of agreement is in between the input
image and each of the no-umbrella recognition model and
umbrella-hold recognition model.

Then, in S106, as shown in FIG. 4(b), the umbrella ratio
calculated in S102 is applied to each of the recognition score
using the no-umbrella recognition model and the recognition
score using the umbrella-hold recognition model to calculate
a corrected weather reflection score. Then, the calculated
weather reflection score is output as a final detection result of
the person.

The technique of reflection of the umbrella ratio in the
recognition scores may include the following. For example,
the correction is performed to make the recognition score
using the umbrella-hold model relatively higher as the
umbrella ratio is larger, in other words, as the ratio of persons
with umbrellas is higher. Such a way improves the recogni-
tion ratio of persons with umbrellas. On the contrary, the
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correction is performed to make the recognition score using
the umbrella-hold model relatively smaller as the umbrella
ratio is smaller, in other words, as the ratio of persons with
umbrellas is lower.

Note that, in the embodiment, the following formulae (5)
and (6) are exemplified as the techniques of calculating
weather reflection scores corresponding to the no-umbrella
recognition model and umbrella-hold recognition model.

Weather reflection score (with no umbrella)=Recogni-
tion score with no umbrellax(1-umbrella ratio)

®

Weather reflection score (with umbrella)=Recognition
score with umbrellaxumbrella ratio

Q)

Note that, regardless of a weather condition, only the rec-
ognition ratio based on the umbrella-hold recognition model
may be changed without changing the recognition ratio based
on the typical no-umbrella recognition model. In that case,
the umbrella ratio is not reflected in the recognition score
based on the no-umbrella recognition model, but is reflected
only in the recognition score based on the umbrella-hold
recognition model.

[Advantageous Effect]

The person detection apparatus 1 of the embodiment pro-
vides the following advantageous effect.

The information on a weather condition is applied to the
technique of the pattern recognition for persons in consider-
ation that the ratio of persons who use umbrellas against sun
or umbrellas against rain is dependent on the weather condi-
tion. This can reduce a negative impact on the recognition
ability when persons use umbrellas.

In the embodiment, the control circuit 10 determines the
umbrella ratio showing the ratio of persons with umbrellas in
accordance with the presence or absence of rain, the intensity
of rain, or the solar intensity. Then, the control circuit 10
corrects respective recognition scores based on the pattern
recognition using the respective no-umbrella and umbrella-
hold recognition models by use of the umbrella ratio depend-
ing on a weather condition and outputs them as a final detec-
tion result.

Specifically, the influence of the recognition result using
the umbrella-hold recognition model can be relatively large
on the assumption that the ratio of persons who use umbrellas
against rain or umbrellas against the sun becomes high when
rain or strong solar radiation is detected. This can increase the
recognition ratio of persons with umbrellas. On the contrary,
the influence of the recognition result using the umbrella-hold
recognition model can be reduced on the assumption that the
ratio of persons with umbrellas against rain or umbrellas
against sun is low when rain or strong solar radiation is not
detected. This can increase the recognition ratio of other than
persons with umbrellas and acquire appropriate detection
results of persons.
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While the present disclosure has been described with ref-
erence to embodiments thereof, it is to be understood that the
disclosure is not limited to the embodiments and construc-
tions. The present disclosure is intended to cover various
modification and equivalent arrangements. In addition, while
the various combinations and configurations, other combina-
tions and configurations, including more, less or only a single
element, are also within the spirit and scope of the present
disclosure.
The invention claimed is:
1. A person detection apparatus that detects a person from
an input image captured by a capturing portion through pat-
tern recognition using a recognition model to recognize a
person, the apparatus comprising:
a storage portion that stores a protector-hold recognition
model describing a person who is using a protector
against a specific weather and a no-protector recognition
model describing a person who is using no protector;
a weather determination section that determines a weather
condition based on a detection result by a weather detec-
tion portion; and
a person recognition section that
performs pattern recognitions to the input image by
using the protector-hold recognition model and the
no-protector recognition model, which are stored in
the storage portion,

applies a ratio of an influence on the protector-hold
recognition model and a ratio of an influence on the
no-protector recognition model, in accordance with a
determination result of a weather condition by the
weather determination portion, and

outputs, as a recognition result, a weather reflection
score that is calculated by reflecting the ratio of the
influence on the protector-hold recognition model and
the ratio of the influence on the no-protector recogni-
tion model, respectively, in a result of performing the
pattern recognition using the protector-hold recogni-
tion model and a result of performing the pattern
recognition using the no-protector recognition model.

2. The person detection apparatus according to claim 1
wherein:

the weather determination section determines a presence or
absence of a specific weather or an intensity of a specific
weather; and

the person recognition section outputs, as a recognition
result, a weather reflection score that is acquired by
reflecting an influence, which is depending on the pres-
ence or absence of the specific weather or the intensity of
the specific weather determined by the weather determi-
nation section, in a score of a result of performing the
pattern recognition by using the protector-hold recogni-
tion model.



